Non-volatile sesquiterpenoids, a trichothecene family of phytotoxins such as deoxynivalenol (DON) and T-2 toxin, contain numerous molecular species and are synthesized by phytopathogenic Fusarium species. Although trichothecene chemotypes might play a role in the virulence of individual Fusarium strains, the phytotoxic action of individual trichothecenes has not been systematically studied. To perform a comparative analysis of the phytotoxic action of representative trichothecenes, the growth and morphology of Arabidopsis thaliana growing on media containing these compounds was investigated. Both DON and diacetoxyscirpenol (DAS) preferentially inhibited root elongation. DON-treated roots were less organized compared with control roots. Moreover, preferential inhibition of root growth by DON was also observed in wheat plants. In addition, T-2 toxin-treated seedlings exhibited dwarfism with aberrant morphological changes (e.g. petiole shortening, curled dark-green leaves, and reduced cell size). These results imply that the phytotoxic action of trichothecenes differed among their molecular species. Cycloheximide (CHX)-treated seedlings displayed neither feature, although it is known that trichothecenes inhibit translation in eukaryotic ribosomes. Microarray analyses suggested that T-2 toxin caused a defence response, the inactivation of brassinosteroid (BR), and the generation of reactive oxygen species in Arabidopsis. This observation is in agreement with our previous reports in which trichothecenes such as T-2 toxin have an elicitor-like activity when infiltrated into the leaves of Arabidopsis. Since it has been reported that BR plays an important role in a broad range of disease resistance in tobacco and rice, inactivation of BR might affect pathogenicity during the infection of host plants by trichotheceneproducing fungi.
Introduction
The trichothecene family of phytotoxins is produced by necrotrophic fungal phytopathogenic Fusarium species (e.g. F. graminearum) and is a group of sesquiterpenoid secondary metabolites (Desjardins et al., 1993; Kimura et al., 2006) . Trichothecenes contain numerous molecular species and are classified into four major groups by their chemical structures (Sudakin, 2003) . Type A trichothecenes [e.g. T-2 toxin, HT-2 toxin, and diacetoxyscirpenol (DAS)] are highly toxic at low concentrations in eukaryotic cells; type B, for example, nivalenol and deoxynivalenol (DON)-contaminated cereal crops and processed grains are most frequently reported (Sudakin, 2003; Fig. 1) . Type A trichothecenes and type B trichothecenes are distinguished by the absence or the presence of a carbonyl group at the C 8 position (Desjardins et al., 1993) . Trichothecene-producing Fusarium species have strainspecific trichothecene metabolite profiles (Ward et al., 2002; Kimura et al., 2006) ). It is thought that trichothecene chemotypes play a role in the phytopathogenicity of individual Fusarium strains.
Trichothecenes are known to act as translational inhibitors in eukaryotic ribosomes (McLaughlin et al., 1977) . In addition, trichothecenes are thought to be a virulent factor in the infection of wheat plants with their producing fungi (Proctor et al., 1995; Bai et al., 2002) . Therefore, it had generally been thought that trichothecenes suppress the defence response in host plants. However, our recent study revealed that some type A trichothecenes such as T-2 toxin have an elicitor-like activity when infiltrated into the leaves of Arabidopsis . By contrast, DON is capable of inhibiting the translation in Arabidopsis cells without the induction of an elicitor-like signalling pathway, implying that DON-producing Fusarium species may affect translational systems in host plants without the induction of a defence response. It may be that the role of type B trichothecenes in the virulence of fungi that produce them is different from that of type A trichothecenes. On the other hand, the phytotoxic action by trichothecene molecular species has not been systematically studied. Although it was reported that trichothecenes inhibit seed germination and cause growth defects of monocotyledonous and dicotyledonous plants (Wakulinski, 1989; Packa, 1991; Cossette and Miller, 1995; Muhitch et al., 2000; Poppenberger et al., 2003; Ohsato et al., 2007) , many reports have investigated the individual molecules.
To perform a comparative analysis of the phytotoxic action of representative trichothecenes in host plants, the growth and morphology of Fusarium-susceptible Arabidopsis seedlings grown on agar media containing these compounds were investigated. Although all trichothecenes examined caused growth defects of both shoots and roots in Arabidopsis seedlings, their effects differed significantly among their molecular species. Both DON and DAS preferentially inhibited root elongation, whereas T-2 toxin caused dwarfism with an aberrant morphology. Furthermore, microarray analyses suggested that a defence response, inactivation of BR, and ROS production occurred in T-2 toxin-treated Arabidopsis shoots.
Materials and methods

Plant materials and growth conditions
Arabidopsis thaliana (ecotype Columbia; Col-0) plants and wheat plants were gown in a growth chamber (16/8 h light/dark cycle at 22°C) after a 3 d vernalization period. Surface-sterilized Arabidopsis seeds were sown on Murashige and Skoog growth agar medium supplemented with 3% (w/v) sucrose, with or without trichothecenes in plastic Petri dishes. Sterilized wheat (Triticum aestivum L. cv. Nourin 61) seeds were sown on LS (Linsmaier and Skoog) agar medium with or without DON in plastic plates. Alternatively, 7-d-old Arabidopsis seedlings growing on MS medium without trichothecenes were transferred to MS medium containing trichothecenes. Arabidopsis Col-0 NahG transgenic plants (Lawton et al., 1996) were obtained from Dr Leslie Friedrich (SyngentaBiotechnology, NC, USA).
Seed germination assay
Between 150 and 200 seeds were sown onto each medium, and were incubated for 3 d in the dark at 4°C. Then plates were incubated as stated above, and the germination rate of the seeds was scored up to the 3rd day after incubation.
Microscopic analysis
For microscopic analysis of the DON-treated roots, roots from 21-dold seedlings were harvested and fixed as previously described (Tsuge et al., 1996) . Transverse sections of primary roots were cut in the area of the differential zone. For differential interference 1618 Masuda et al.
contrast (DIC) imaging, samples of leaves were cleared with a saturated chloral hydrate solution. DIC imaging of mesophyll cells of cleared leaves was performed as previously described (Ruzin, 1999) .
RNA blotting analysis
RNA blotting analysis was performed as previously described . Total RNA (5 lg) was denatured, separated by electrophoresis on formaldehyde-agarose gels, and then transferred to a nylon membrane (Hybond-N + ; Amersham Biosciences). The RNA blots were hybridized to 32 P-labelled probes specific for PR-1 (Rogers and Ausubel, 1997) . Probes for T-2 toxin-inducible genes were prepared by amplification of appropriate sequences from cDNA by polymerase chain reaction (PCR).
Microarray analysis
Microarray analyses were performed according to the manufacturer's protocol (Affymetrix, Santa Clara, CA). Seven-day-old Arabidopsis seedlings growing on MS medium without T-2 toxin were transferred to medium with or without 1 lM T-2 toxin, then grown for 3 weeks. Total RNAs were prepared from T-2 toxintreated or untreated Arabidopsis shoots using a guanidine hydrochloride-phenol-chloroform extraction, as described in a previous study . Double-strand cDNAs were synthesized from total RNA using oligo(dT) 24 primer containing 5#-T7 RNA polymerase promoter sequence and using SuperScript II (Invitrogen Corp., Carlsbad, CA). Biotinylated cRNAs were transcribed from synthesized cDNA using T7 RNA polymerase (ENZO Biochem Inc., New York). They were subsequently purified with the use of an RNeasy RNA purification Kit (Qiagen Inc.). Then, 15 lg cRNA of each cRNA sample was fragmented at 94°C for 35 min in fragmentation buffer and then 300 ll of hybridization mixture was prepared with control cRNA. A portion (200 ll) of each mixture was subjected to hybridization with the Arabidopsis GeneChip array containing probe sets for approximately 8100 Arabidopsis genes for 16 h at 45°C with rotation at 60 rpm. After hybridization, the arrays were washed with non-stringent wash buffer and then with stringent wash buffer. Subsequently, arrays were stained with streptavidin-phycoerythrin, biotinylated antibodies to streptavidin once, and streptavidin-phycoerythrin, after which each array was washed again with non-stringent buffer. The whole procedure of washing and staining was carried out using a GeneChip Fluidics Station 400 (Affymetrix). Each array was scanned using a GeneArray Scanner (HP and Affymetrix). Analyses of differential gene expression were performed using GeneChip software (Microarray Suite; Affymetrix). Three independent experiments were carried out using different plant samples to achieve good reproducibility of microarray analyses. Up-regulated genes were determined by a greater than three-fold difference in their AvDf values in a comparative analysis (control versus T-2 toxin treated) in all three experiments. Classifications of the functional category in T-2 toxininduced genes were based on those of the MIPS (Munich Information Center for Protein Sequence).
Results and discussion
Comparative analysis of phytotoxic effects of trichothecene molecular species on the growth and morphology in Arabidopsis
To analyse the phytotoxic action of trichothecene molecular species in host plants systematically, seed germination, and the growth and morphology of Arabidopsis seedlings grown on agar media containing these compounds were investigated (Fig 1) . Figure 2A showed that DON did not inhibit seed germination even at 10 lM after 3 d. One lM DAS failed to inhibit germination of seeds, whereas 10 lM DAS decreased the germination rate to approximately 40%. Similarly, 10 lM DAS apparently inhibited seed germination in tobacco (Muhitch et al., 2000) . T-2 toxin also inhibited seed germination in a concentration-dependent way. Figure 2A also showed that complete inhibition of germination was observed in 10 lM CHX-containing media. Thus, the inhibition of germination of Arabidopsis seeds decreased in the following order: CHX>T-2 toxin>DAS>DON. Figure 2B revealed that shoot growth was inhibited by all trichothecenes examined in a concentration-dependent manner. Among these trichothecenes, severe inhibition of shoot growth was observed in T-2 toxin-treated plants at a low concentration. By contrast, 1 lM DON had only a minor effect on growth inhibition of Arabidopsis shoots. Growth inhibition of DAS-treated shoots was intermediate between that of T-2 toxin and DON (Fig. 2B ). One lM CHX and 10 lM T-2 toxin completely blocked shoot development. Similarly, the inhibitory effects of trichothecenes on root growth also decreased in the same order. One lM DAS and 10 lM DON severely inhibited root growth, but not shoot growth (Fig. 2B , C), indicating that both DON and DAS preferentially inhibited root elongation, shown clearly in Fig. 2D . Such a feature was not observed in T-2 toxin-treated seedlings ( Fig. 2B-D) . Among trichothecenes examined, T-2 toxin most strongly inhibited shoot and root growth of Arabidopsis seedlings at low concentrations. Likewise, T-2 toxin significantly inhibited root and shoot growth in wheat seedlings (Wakulinski, 1989) . The abaxial side of trichothecenetreated leaves was purple-red in colour (data not shown). In fact, anthocyanins accumulated in these shoots (data not shown). By contrast, chlorosis of leaves was observed in CHX-treated leaves.
On the other hand, it was previously reported that type A trichothecenes, including T-2 toxin and DAS, had an elicitor-like activity and caused necrotic lesions in Arabidopsis leaves infiltrated with them . In addition, necrotic lesions were also observed when Arabidopsis was grown on medium containing Fusarium phytotoxin fumonisin B1 (Stone et al., 2000) . However, necrotic lesions were not observed in T-2 toxintreated Arabidopsis, except for chlorosis of leaves caused by direct contact with media.
In contrast to an elicitor-like activity, the phytotoxic effects of DAS on the growth and morphology of Arabidopsis seedlings are similar to those of DON rather than those of T-2 toxin (Fig. 2B-D) . Although the structure of DAS is similar to that of T-2 toxin, DAS and T-2 toxin are distinguished by the presence and absence, respectively, of an isovaleryl group at the C 8 position.
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Phytotoxic effects of HT-2 toxin (with the isovaleryl group) are comparable with those of T-2 toxin, whereas T-2 tetraol (without the isovaleryl group) had only minor effects on growth inhibition at low concentrations (data not shown). It may be that the isovaleryl group at the C 8 position affects not only phytotoxicity but also the mode of action of trichothecenes in host plants.
Preferential inhibition of root elongation by DON was commonly observed in Arabidopsis and wheat plants As stated above, DON preferentially inhibited the root growth of Arabidopsis seedlings. In addition, Fig. 3A shows that the length of root hairs decreased markedly in roots of 10 lM DON-treated seedlings. In addition, abnormal morphology was observed in DON-treated roots. Such a morphological change was not observed in stunted roots of T-2 toxin-treated seedlings, although T-2 toxin also inhibited the elongation of roots and root hairs (data not shown). Microscopic analyses revealed, through cross-sections, that DON-treated roots were less organized than control roots (Fig. 3B) . In Medicago truncatula, silencing of calcium-dependent protein kinase 1 (CDPK1) also resulted in short roots and root hairs (Ivashuta et al., 2005) . Furthermore, microarray analysis revealed that most up-regulated genes in CDPK1-silenced roots were related to cell wall biosynthesis and/or defence response (such as glucanase and peroxidase), suggesting that induction of these genes affects root development. This report raised the possibility that a defence response also occurred in DON-treated Arabidopsis roots. Although DON activated the elicitor-like signalling pathway only at 100 lM, in leaves infiltrated by this trichothecene , apparent inhibition of root development by DON was observed at low concentrations ( Figs 2C, D, 3A , B). It may be that sensitivity to DON differed between shoots and roots.
The phytotoxic effects of DON on growth were also investigated in DON-producing Fusarium-susceptible wheat plants. As shown in Fig. 3C , DON markedly inhibited root elongation of wheat plants at concentrations above 15 lM, indicating that preferential inhibition of root growth by DON was commonly observed in Arabidopsis and wheat. Such a preferential inhibition of root elongation was not observed in wheat seedlings treated with T-2 toxin (data not shown). It was reported that DON production by F. graminearum is important for disease spread in wheat spikes (Bai et al., 2002) . In addition, DON production was also detected in Fusarium-infected Arabidopsis (Urban et al., 2002) . Therefore, it may be that phytotoxic effects of DON on root growth were related to the pathogenicity of the fungi producing them.
T-2 toxin-treated Arabidopsis plants showed retarded growth with aberrant morphological change
Dwarfism and short petioles were observed in 12-d-old T-2 toxin-treated seedlings (Fig. 2D) . As shown in Fig. 2A , T-2 toxin affected seed germination. To investigate the phytotoxic effects of T-2 toxin on growth and morphology in detail, 7-d-old Arabidopsis seedlings growing on MS medium without trichothecenes were transferred to MS medium containing T-2 toxin. Thereafter, morphological change was observed in 28-d-old plants growing on media containing T-2 toxin at concentrations above 0.5 lM. As shown in Fig. 4A , representatives of these plants exhibited short petioles, with curled and dark-green leaves. These characteristics are at least partially similar to those of BRrelated mutants (Altmann, 1998) . Similar morphological phenotypes were observed in HT-2 toxin-treated plants, but not in other trichothecene-treated plants, suggesting that the isovaleryl group at the C 8 position affected trichothecene-induced morphological change in Arabidopsis. Figure 4B shows that the cell size of rosette leaves was visibly reduced in T-2 toxin-treated plants, suggesting that dwarfism of their plants is caused by inhibition of cell extension.
Analysis of global gene expression in dwarfed shoots by T-2 toxin
Although preferential inhibition of root growth by DON was commonly observed in Arabidopsis and wheat, it had previously been reported that defence-related compounds such as JA and coronatine phytotoxin often inhibited root growth in plants (Staswick et al., 1992; Feys et al., 1994) . Therefore, in order to analyse the site of action of trichothecenes, the focus was on the T-2 toxin-induced morphological change.
Microarray analysis was performed with probe sets for approximately 8100 genes to obtain gene expression profiles in T-2 toxin-treated plants. To eliminate false positive as much as possible, T-2 toxin-inducible genes were designated as those with greater than 3-fold induction in all three experiments. Table 1 lists 35 genes that are up-regulated in T-2 toxin-treated shoots. Of these 35 genes, the largest category (six genes) was annotated for metabolism. Putative indole-3-acetic acid (IAA) UDPglucosyltransferase (UGT74E2) was also included in this category (Li et al., 2001) . Overexpression of another IAA glucosyltransferase (UGT84B1) caused growth inhibition 
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of Arabidopsis shoots with an aberrant morphology (Jackson et al., 2002) , suggesting that induction of UGT74E2 plays some role(s) in growth retardation by T-2 toxin. In addition, another UGT72E gene was also observed in this table. Poppenberger et al. (2003) reported that another UDP-glycosyltransferase (UGT73C5) gene specifically inactivated DON and 15-acetyl DON in vivo and in vitro. By contrast, expression of the UGT73C5 gene failed to detoxify the T-2 toxin in yeast (Poppenberger et al., 2003) . On the other hand, the UGT73C5 gene inactivated BR (Poppenberger et al., 2005) . In fact, transgenic plants overexpressing the UGT73C5 gene exhibited BR-deficient phenotypes and contained reduced amounts of BR (Poppenberger et al., 2005) . RNA blotting analysis showed that the UGT73C5 gene is weakly upregulated in T-2 toxin-treated plants (Fig. 5A ). It may be that inactivation of BR by UGT73C5 expression was involved in T-2 toxin-induced growth defects to some extent.
This table also contains four genes that are putatively involved in transcriptional regulation. Each of the four genes belongs to a different class of transcription factor families (bZIP, Nac, HD-ZIP, WRKY family proteins). The WRKY transcription factors are known to play a Classifications of functional category in T-2 toxin-induced genes were based on those of the MIPS (Munich Information Center for Protein Sequence).
b Up-regulated genes were determined by a greater than 3-fold difference in their AvDf values of comparison analysis (control versus T-2 toxin treated) in all three experiments.
c Similar results with probe set 16943_s_at. d Similar results with probe set 16462_s_at.
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pivotal roles in plants' defence responses (Eulgem et al., 2000) . Expression of the WRKY25 gene is induced by oxidative stresses from both H 2 O 2 and paraquat treatment (Rizhsky et al., 2004) . Since three peroxidase genes were also contained in this table, ROS generation might occur in the presence of trichothecene. Delessert et al. (2005) reported that both SA and MeJA application in Arabidopsis plants induced the ATAF2 gene. Overexpression of the ATB2 gene caused dwarfism of Arabidopsis plants (Wiese et al., 2005) . Therefore, induction of the ATB2 gene may be involved in dwarfism of Arabidopsis by T-2 toxin. In addition, an AtNFXL1 gene encodes a member of an evolutionarily conserved family of putative transcription factors that includes human NF-X1, Drosophila melanogaster STC, and yeast FAP1 (Kunz et al., 2000; Lisso et al., 2006) . These proteins contained one RING finger and 7-9 NF-X1 type zinc-finger motifs. Moreover, the human NF-X1 gene functioned as a transcriptional repressor in the regulation of the human major histocompatibility complex (MHC) class II gene (Song et al., 1994) . Recently, the AtNFXL1 gene was shown to play a role in salt stress (Lisso et al., 2006) . This novel zinc-finger protein may also regulate as a trichothecene-inducible defence response in Arabidopsis. Table 1 also contains other defence-related genes such as the Aox1a and AtST1 genes. Expression of an alternative oxidase 1a (Aox1a) gene was induced by infection of both virulent and avirulent pathogens (Simons et al., 1999) . In addition, the AtST1 gene was also reported as the RaR047 gene that was induced by SA treatment and pathogen infection (Lacomme and Roby, 1996; Rouleau et al., 1999) . Since it has recently been reported that trichothecene has an elicitor-like activity when infiltrated into the leaves of Arabidopsis , trichothecene also activated the defence response in plants growing on medium containing it. The defence response by T-2 toxin might play some role(s) in inducing dwarfism because growth defects were frequently observed in constitutive defence response mutants such as cpr1 (Bowling et al., 1994) . On the other hand, the AtST1 (RaR047) gene is homologous to the Brassica napus BR sulphotransferase 3 gene (BnST3), which is involved in inactivation of brassinosteroid biological activity (Rouleau et al., 1999) . As stated above, trichothecene-treated shoots resemble BR-related mutants. Therefore, it is likely that induction of the AtST1 gene by T-2 toxin plays a role in growth defects. Moreover, because expression of the AtST1 genes was also induced by defence-related signals (Lacomme and Roby, 1996; Rouleau et al. 1999) , they might be also involved in dwarfism of constitutive defence response mutants. The AtHB5 gene was down-regulated by application of BR in both wild types and the det2 mutant (Goda et al., 2002) , whereas the ATHB5 gene was up-regulated in T-2 Fig. 5 . RNA blots of putative T-2 toxin-responsive genes identified by microarray analysis. (A) T-2 toxin-inducible genes were constantly expressed in the presence of T-2 toxin. Similarly-sized 7-d-old seedlings were transferred to medium containing 1 lM T-2 toxin, and then incubated for the indicated period of time. Total RNA (5 lg) was subjected to RNA blot analysis. RNA blots hybridized to 32 P-labelled probes specific to AtNF-X1, AtST1, pEARLI 1-like, and unknown protein (At2g21640). Loading of equal amounts of samples was confirmed by staining of total RNAs with ethidium bromide (EtBr). (B) The AtST1 gene was induced by an SA-independent signalling pathway. Total RNA (5 lg) was isolated from wild type (Col-0) or SA-depleted NahG plants that were grown with or without T-2 toxin at the indicated times. Levels of AtST1 and PR-1 mRNA were analysed. Ethidium bromide staining of rRNA confirmed the equivalence of RNA loading.
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toxin-treated shoots (Table 1 ). This result also supports BR inactivation in T-2 toxin-treated shoots. However, expression of other BR-responsive genes in this array did not change significantly. On the other hand, exposure of plants to brassinolide and brassinazole, which is a specific inhibitor of BR biosynthesis, elicited opposite effects on gene expression of many BR-regulated genes (Goda et al., 2002) . It may be that a pleiotropic action of T-2 toxin affects the expression of these genes. Although this array contained DWF1, DWF7, DET2, DWF4, and CPD genes that are involved in BR biosynthesis, expression of these genes did not change markedly following T-2 toxin treatments (data not shown). Nakashita et al. (2003) reported that BR played an important role in a broad range of disease resistance in tobacco and rice. Therefore, inactivation of BR might affect the pathogenicity in the infection of host plants by trichothecene-producing fungi. Table 1 also includes many stress-responsive genes such as pEARL1 1 and pEARL1 1-like genes encoding protease inhibitor/seed storage/lipid transfer protein (LTP) family proteins. Moreover, other stress-responsive genes such as Di21 and HSP70 genes also contained T-2 toxin-inducible genes. The pEARL 1 gene is reported as an early Arabidopsis aluminium-induced gene (Richards et al., 1998) . Since aluminium induced the expression of oxidative stress-responsive genes (Richards et al., 1998) , T-2 toxin might cause oxidative stress in Arabidopsis. Correspondingly, it was reported that ROS production was observed in T-2 toxin-injected Arabidopsis leaves . Down-regulated genes in T-2 toxin-treated shoots were also identified (data not shown). By contrast with upregulated genes, many down-regulated genes were categorized into unclassified proteins or unknown proteins. In fact, few genes were related to phenotypes of the T-2 toxin-treated shoots.
These identified genes by microarray analysis were constantly expressed in T-2 toxin-treated shoots To confirm whether these identified genes are actually up-regulated in T-2 toxin-treated plants, RNA blotting analyses were performed. Figure 5A shows that all four genes were up-regulated in T-2 toxin-treated shoots throughout the experimental period. The levels of mRNAs for these genes increased markedly after 1 d; they fell within 3 d, but remained at higher levels throughout the experimental period. Thus, all four genes examined were constantly expressed in T-2 toxin-treated shoots.
As stated above, AtST1 expression was induced by SA treatment (Rouleau et al., 1999) . It was investigated whether or not the T-2 toxin-inducible expression of the AtST1 gene is regulated by an SA-dependent signalling pathway. It is well known that expression of the PR-1 gene is controlled by the SA signalling pathway (Rogers and Ausubel, 1997) . Figure 5B shows that the mRNA level for PR-1 increased only slightly within 1 d in the T-2 toxin-treated wild type, peaked after 7 d, then decreased after 21 d. Induction of the PR-1 gene was not observed in SA-depleted NahG transgenic plants, implying that the SA-dependent signalling pathway is transiently activated by the application of T-2 toxin. It is likely that T-2 toxin transiently induces the accumulation of SA. By contrast, T-2 toxin-induced expression of the AtST1 gene, which was also observed in the NahG plants, suggesting that the SA-independent signalling pathway regulates T-2 toxin-inducible expression of the AtST1 gene.
Comparative analysis revealed that phytotoxic effects of trichothecene on growth and morphology differed significantly among their molecular species in Arabidopsis ( Fig. 2A-D) . These results imply that different trichothecene molecular species not only affect the phytotoxic potency but also the site of action in host plants. Among these trichothecenes, T-2 toxin-treated seedlings have several interesting features such as dwarfed shoots, petiole shortening, and curled dark-green leaves. Microarray analysis of T-2 toxin-treated dwarfed shoots suggested that T-2 toxin caused defence response, BR inactivation, and ROS generation. In addition, T-2 toxin-inducible genes contained the five different classes of transcription factor genes. Since some of these genes were involved in stress response and growth control (Wiese et al., 2004; Delessert et al., 2005; Lisso et al., 2006) , the genes identified here might contain important regulators in the action of trichothecenes in host plants. In fact, the artificial modulation of expression of some of these genes significantly affected the sensitivity to trichothecenes in Arabidopsis plants (T Asano et al., unpublished results) . Further analysis of function of the genes identified may help to clarify the molecular mechanism of the phytotoxic action of trichothecenes in host plants.
